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ABSTRACT 


The communication industry is clearly in a state of 
transition and communication managers faced with decisions 
about commitments to today's products need to know about 
possible future changes in the industry. To fulfill this 
need, this study develops technological forecasts for hard 
copy and video display communications terminals. Changes in 
input/output parameters of the terminals, when the changes 
will occur, and how rapid the changes will be are estimated. 
These forecasts are determined by first measuring a limited 
number of performance parameters such as print rate and 
transmission speed. Then mathematical models are fitted to 
the performance parameter data and the trend extrapolated 
into the future to make predictions. The results of the 
study indicate that print rates will increase significantly 
in the next ten years to a level of approximately 2000 
characters per second and transmission speeds to a level of | 
approximately 500,000 bits per second for hard copy termi- 
nals. Video display terminals show a steeper increase with 
transmission speed levels of 1.5 Mbps predicted in the next 
five years. Also, the print rate per dollar and transmission 
speed per dollar for these terminals will show rapid in- 
ereases an the next ten years. This study indicates that 
hard copy terminals and video display terminals are on the 
verge of significant changes that communications managers 


should take into consideration in their procurement and design 


decisions. 
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I. BACKGROUND 


A. INTRODUCTION 

The communication terminal industry is clearly in a 
state of transition and communications managers faced with 
decisions about. commitments to today's products need to 
know about possible future changes in the industry. To ful- 
fill this need, this study develops technological forecasts 
for hard copy and visual display communications terminals. 
Changes in input/output parameters of the terminals, when 
the changes will occur, and how rapid the changes will be 
are estimated. These changes in terminal parameters are 
determined by applying the technological forecasting techni- 
gue of trend extrdpolation that estimates a trend from past 
data and projects the trend into the future. The results 
are presented in both graphical and tabular form to make 
them useful from the standpoint of the communications manager 
in making decisions and tradeoffs. As a background to the 
approach used in determining the results, this chapter will 
present a brief introduction to the topic of technological 
forecasting, discussing the need for technological forecasts 
in the communication terminal industry and how the forecast— 
ing technique of trend extrapolation supplies these pecded 
forecasts. Also, the mathematical models and the step—-by- 
step approach used in the study are discussed as a back- 


ground for the actual calculations in chapter two. 
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First, what is "technology"? Technology is one of the 
most powerful forces in our society today, especially in the 
business sector. In this context, technology refers to the 
engineering practices used in industry, whether physical 
such as tools, machines and materials, or procedural such as 
heat processes for metals and computer software. The direc- 
tion that changes in technology take and how this direction 
influences our lives are very important concepts for the 
modern day businessman, but "not one businessman out of a 
thousand attempts to forecast technology."~ This is chang- 
ing and with the introduction of technological forecasting 
as a course in the Harvard Business School in the early 
1960's and the increase in technological forecasting litera-~ 
ture in the past ten rears” a new awareness of methods for 
forecasting the future is evident. The communication mana- 
ger has a very definite need to forecast future character- 
istics of communication equipment if he is to build the 
most efficient system for the least cost. 

How can predictions of hard copy and video display 
communication terminals help the communication manager? To 
answer this question, one only has to look at the problem 
of obsolescence. Considering the rapidity of introduction 
Sreocuperior vechnical successors, the problem of obsolescence 
occurring faster than planned, must be considered in the 
tradeoffs managers make in communication systems design. 


Pectmeueceecing CLCechnolopical concept tends to have a 
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shorter marketplace life than its predecessor, because of 
prompt challenge from a new and superior technology.? The 
electronic components industry in its progress from tubes to 
transistors and now to integrated circuits is a good example 
of this rapid technology change. * The predicted character-— 
istics from this study show how much communication terminal 
technology is changing and when a rapid increase is most 
itcely to occur. 

With these predicted values and the timing of rapid 
changes in the technology, a communications manager can pro- 
gram his procurement schedule to ensure that his system is 
the most current for the least life cycle cost. That is, he 
looks at the cost of a component over its whole iife anda net 
just the original purchase price. No longer does the manager 
have to rely on intuition to determine the market place life 
Grea component, but can use forecasts to Sequence a value. 
Then, in considering the tradeoffs between buying a state of 
the art technology at a higher purchase price or a minimum 
acceptable technology at a lower price, the market place 
ile Cevermination will put the tradeoff decision into per- 
spective. The dollars that are saved in the purchase of the 
minimal acceptable technology might be lost in having to re- 
place the component sooner than the more expensive state of 


the art technology. 
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B. TECHNOLOGICAL FORECASTING 

To obtain the needed aa projections, today's mana- 

gers can turn to technological forecasting techniques; but 
to do this, a manager must understand technological fore-_ 
casting. In simple terms, technology forecasting can be 
defined as the application of scientific methods to deter- 
mine when and by how much measurable parameters of a techno- 
logy will change. The scientific methods can include sta- 
tistics, simulation, modeling or even brainstorming of in- 
formed opinions that will give results. Altogether, there 
are more than twenty forecasting techniques in use today? 
but for this study only trend extrapolation will be used. 
The reason for the selection of this method is "its relative 
simplicity, its ability to provide guantification, its long 
history of use in industry and the modality of the proposi- 
bom tnat past history is a good guide to the aang." 

The extrapolation of a trend or cycle, as Dr. S. C. 
Gilfillan, a noted futurologist states, is one of the most 
fundamental and simple methods of prediction. ‘ Usually, a 
trend is a better predictor than a cycle in technological 
advances because a technology progresses from a new idea to 
a perfected advanced item. That is, progress in a technology 
may move fast or slow, but it will always be increasing or 
staying at the same level. A technology level once reached 
does not usually have to be reinvented each time it is 


needed. 
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What ine is trend extrapolation based on and what are 
Hiesmlamatcations; “The fundamental assumption of a trend 
extrapolation is that the complex set of conditions which 
have prevailed in the past and have governed the historical 
rate of technological progress will not in the future change 
to a degree which will preclude saineolae toa, t” Mere, 1S 
if a manager can say that his technology has followed a de- 
finite trend in its development and that the forces that 
caused this development will not change drastically in the 
near future, then trend extrapolation can be applied to this 
technology. This is the case with hard copy and video dis- 
play communication terminals. 

There are two important points in the fundamental assump- 
tion of trend extrapolation that need further discussion. 
First, the object or device under development must be ade- 
Smeacely characterized by a limited number of parameters. 

The reason for this is that with limited parameters one can 
minimize the complex interactions between parameters. Since 
each parameter of a technology must share the time of the 
engineers and the resources of the company, fewer parameters 
mean fewer tradeoffs of resources. Second, historical con- 
tinuity must prevail. This means that devices appearing at 
different times can be characterized by the same set of 
parameters and that subsequent development can begin where 
prior development ended. 7 Discontinuities are not allowed 


in trend extrapolation. 


iy 





In selecting the limited number of parameters of a tech- 
molory, simple input/output Seles are used, but it should 
be noted at this point that emphasis on outputs (performance 
parameters) over inputs (technical parameters) favors the 
assumption of continuity. In selecting a new technology, a 
Biever iS more interested in performance parameters, such as 
speed and capacity, than technical parameters, such as the 
actual hardware technical specifications, once the minimum 
acceptable technical specifications are met. A buyer also 
has to make sure that he obtains a profitable return on pre- 
vious investments which leads to a conservative attitude to- 
ward buying new technologies before the old technology is 
obsolescent. Thereiore, because of this preference toward 
performance parameters and the conservative buying attitude, 
any rapid increase in performance (output) parameters would 
be countered by the conservative buying and show a smooth ad- 
vancement over time. 

Trend extrapolation has limitations and they are in both 
the predictions themselves and the accuracy of the predic-— 
tions. The measure of technological advances that trend 
extrapolation gives us is only intended to capture mainstream 
trends. It is not able to identify fine differences and does 
not consider causation.+? For this reason, varying degrees 
Semuncerbainby are inherent in this method, but in the basic 


assumption and the lack of analysis of causation, and 
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therefore it is essential that a quantitative measure of the 
probability that the trend will continue be provided. 

If the basic assumption is accepted, a limited number of 
parameters are identified and continuity prevails, then one 
should be able to fit a mathematical model to past data and 
then extend this model into the future to obtain predictions 
Of a technology. This is what this study does for hard copy 
and video display terminals. Before proceeding to discuss 
the two mathematical models for trend ee cieaeon used) aa 
this study and an uncertainty measure for the continuation 
of the trend, the term "figure-of~merit" must be defined and 


its use in measuring trends explained. 


C. FIGURES-OF-MERIT (f) 
"The measure of technological change is a problem of 


Ii A unit of measure is 


Guantifying intuitive feelings." 
needed to apply the methodology of trend extrapolation to 
these feelings. To do this technological parameters can be 
described in terms such as thrust to weight ratio for air- 
craft engines, numbers of characters printed per dollar for 
terminals or core capacity per dollar for computers and 
labeled as figures-of-merit (f). The term "figure-of-merit" 
can be applied to any measurable technical parameter or any 
combination thereof (addition, multiplication, etc.).. This 
flexibility allows the researcher to look at several 


figures-—of-merit to find the one that is the most responsive 


to changes in the technology under study. 
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What changes can one expect in typical figures-of~-merit 
and what do these changes tell us? First of all, one can 
expect the rate of increase for technological figures-of- 
merit to increase with increases in rewards for achieving 
performance improvements. That is, if an urgent need exists 
and rewards are offered, one can expect to see this techno- 
logical advance appear before it would otherwise occur. 
Second, “with other things being equal, improvements in the 
technological state-of-the-art would be expected to be a de- 
creasing function of the extent of the resource commitment 
required to improve the state-of-the-art. Third, it would 
be expected that different areas of technology would exhibit 
different growth characteristics because of varia aons in 
the availability of trained personnel, facilities, glamour, 
social relevance, aeg0=" Lastly, one can expect that “when 
design features are frozen in hardware, technology growth 
cannot take full advantage of newly developed techniques .""> 

Once figures-of-merit for a technology are selected and 
the changes one can expect are identified, a mathematical 
model can be developed to simulate the trend. Two mathemati- 
cal models have been proposed in recent years to quantify 
these technological trends in an effort to make predictions. 
These two models will be briefly discussed to give a back- 


ground for understanding their application to the prediction 


Sleconmmunaicactaon terminal trends. 


dy 





D. FLOYD MODEL 

‘The projection of figures-of-merit for significant para- 
meters in a technology was used by Dr. A. L. Floyd in 1968 
as an approach to technological forecasting. Floyd in his 
studies for Lockheed Aircraft Corporation developed a techni- 
que based on the mathematical simulation of the development 
process and its effect on industry."* 

Floyd's basic approach, once atypical figure-of-merit (f) 
was chosen, was to “calculate the probability of improving 
the figure-of-merit through applied effort"? From this 
analysis Floyd was able to make an assumption to give a 
first general approximation. The assumption was that "the 
rate of change of successful techniques available to improve 
a figure-of-merit is proportional to the number of techniques 

16 


absorbed to achieve the value of the figure-of-merit ," 1g 


in equation form: 


4X = -k (MX) (1) 


where X = the number of techniques available that 
would be successful 


ft cume-o hme nat 
k = constant 


M = Total number of possible techniques or 
approaches that could be considered. 


That is, the increase in f associated with the using up of 
successful techniques (X) is inversely related to the number 


of successful techniques already used up (M-X). 
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Equation (1) was then integrated between X=X and X=0 and 
between f and the limiting value of f, defined as F. F is 
an important value here because it sets the upper limits for 
Maem preaiction. From this integration, a relationship for 


X/M was found as 


+. = exP[~k(F-4)] (2) 


Noting that equation (2) is the probability of improving the 
figure-of-merit by one worker in one try, Floyd then expanded 
this to include an average number of workers W with N attempts 
per unit of time and showed the probability of exceeding a 
given f in a time span At as 
NW(at) 

P(E At)= 1-(1- 2%) (3) 

Then by substituting equation (2) into equation CS eau. 


putting into integral form the following was obtained 


P(.t)=1—exe[-(- ofa (14) 


Floyd then noted that the eeoenecdon of new competitive 
technologies with its shift of workers would have an effect 
on equation (4), so he introduced a first approximation for 


this effect as 


w= (f-fJwi@ (5) 


ly 





where f. = figure-of-merit for the competitive technology 


and W, a) « = the relatively constant growth of total work- 
ers available. 


Placing this value in equation (4) yielded 
t 
reee1- exe -Al(5-£) Tadd] ce) 


where T(t )=k(t).N(t).Wo(t) (7) 
"For trend forecasting we are interested in keeping the pro- 
bability P(f,t) constant at the 50 per cent value and deter- 
mining how the figure-of~merit varies with time"! With 
this requirement equation (7) was integrated and evaluated 
by separation of variables. Thus 


Co) 
P¢t)s os= I- or (8) 


where Yr = (9) 


0, Cs are constants 
t = time 
Equation (8) was then put in a simple form by setting P(f,t) 
equal to a constant and taking the logarithm of both sides. 
Thus 


Y¥+tn (Y-L)= Ct (10) 


This is the form of Floyd's model that will be used in this 


study and a plotof this equation is shown below in Figure 1. 
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FLOYD MODEL 
{/Fo 


“18; ee! 


1940 1960 1980 2000 Boe = =20L0 2060 
PRODUCTION DATE 
tuemire |. Plovu of Floyd Model. 


To use this model three values must be determined. 
First, the values of F and it must be estimated and then 
the constant C, must be determined by using at least two 
historical data points. If more historical data is avail- 
able, a best fit value of C can be used. With the values 
of C calculated, a model curve can be drawn and later 
occurring data points can be used as a comparison check to 


ascertain whether the curve is a good fit for this data. 


KB. BLACKMAN MODEL 

After Floyd's model, another mathematical model for trend 
extrapolation was introduced by A. Wade Blackman, Jr., to en- 
able projections of technological performance figures-of- 
merit to be aden” These figures-of-merit as discussed 


earlier are merely performance parameters which are represen- 


tative of the state~of-—the-art in an area of concern, such 
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as print rate, transmission speed or number of characters 
per dollar an the ommunication terminal industry. 
Blackman developed his mathematical model by hypothesiz- 

ing that the change in the figure-of-merit is a function of: 

1. the figure-of-—merit obtained at time t divided 
pyethe maximum attainable value, i.e., f(t)/F. 

2. the perceived ae posh or reward, R, associated 
with an increase in the figure-of-merit. 

3. the size of the investment, I, or the extent 
of commitment of resources required to improve the figure- 
of-merit.?? 


This mathematical model can then be shown in equation form 


ass 


AFfe=TflO/ RT] (41) 


Then by approximating this function with a Taylor expansion 


as 


Aflee G+ Bed + (R4+GT+ Ri@, (; Efte 
2 
RT + GR + GI*+ Gof] (12) 
and if third and higher order terms are dropped, Cio is as- 


sumed equal to zero and equation (12) is substituted into 


equation (11), one obtains 
( _fy)-df{o-[r_¢, Le) 
Fle+l)~ Fle) Pal -fo][pa« HO] a3) 


ZA 





where eae the sum of all terms in equation (12) not con- 
eerimine £(t)/F and is the S00 of all terms involving 
ict) /F. 

A solution was obtained to equation 13 as 


f= Efexp|C+(r+eat]-T ol f _ 


£+exP(C+(Pea)t] 


where C is a constant of integration. 
Then Blackman applied the boundary condition that f(t) 


must approach zero as time goes backward. Thus 


him £(O= O (15) 


which requires [7 to be zero. For the second boundary condi- 


i[lom an additional constraint was written as 


Le =F (16) 
where t’ =t- ty (17) 


with t, defined as the year in which an initial figure-of- 


1 
merit, Fo Occurred, 
Applying these two contraints a general equation was 


found to be in the form of 


Jn (t=? C+, ¢ (18) 


where GC, and Gy are constants. A plot of this equation is 


given in Figure 2 below. 
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Figure 2. Plot of Blackman Model. 


This model, as Blackman shows in his studies of the dy- 
namics of the electrical utility and automotive industries, 
proves to be very good at predicting technological advances 
and exhibits very high correlations to later data points.* 

To apply his model to a sample set of data, Blackman 
evaluated his two constants from two data points which oc- 
curred early in the technological development. If more 


historical data is available, best fit values of C, and C. 


il 
Cam be used. Then with the constants determined, a plot of 
equation (18) was used to predict the trend. A comparison 
of this curve with future figures-of-merit occurring later 
in time was then undertaken to show how well the model was 
predicting. | 

It must also be pointed out here, and was stressed by 


Blackman, that although it was conceptually easy to apply 


eh, 





his model, the lack of historical data on the perceived pay- 
off of technological advances and the required investments 
needed to achieve advances in the technology made it diffi- 
cult in practice.“ 

Floyd's and Blackman's models are used in this study to 
evaluate a variety of figures-of-merit for communication 


terminals, and to predict future capabilities in communica- 


iron tLerminals. 


F. COMPARISON OF FLOYD AND BLACKMAN MODELS 

Is one model better than the other or are both good 
predictors? If one graphs both models on the same graph 
(See Figure 3 below), it can be seen that in the early per- 
iod of development, both curves are similar; but as one ap- 
proaches the upper limit, Floyd's model predicts a slower 


rate of development than Blackman's model. 
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Figure 3. Plot of Floyd and Blackman Models. 
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Even though both models can be applied to the same data 
and graphed on the same paper, is a comparison really fair? 
The key point in answering this question is to keep straight 
the assumptions that each model is derived from.Floyd's 
equation is a function of techniques for advancement, man- 
power available, number of attempts to find a new technique 
and the effect of aounebate ane industries on a functional 
capability designated as f. Blackman's equation, on the 
@ipecr hand, is a function of the ratio of f£/F, the perceived 
Payort or reward for an increase in f and the size of the 
investment or commitment of resources. Therefore, each mocel 
memcorying to capture a trend by looking at different but 
related parameters and the only conclusion one can obtain 
from a comparison is whether the assumptions used in each 
model capture the trend behind the particular technology 
being studied. Both of them, either of tmemn, or None of 
them may be responsive to the complex set of conditions that 
drive a particular technology. 

Both models have been applied successfully by their au- 


Ors , eee 


so their ability to predict, if their assump- 
tions capture the trend, is not in question. Therefore, in 
this study a direct comparison of the two models will not be 
attempted but instead each one will be applied in every case 
to give two predictions and only when specific eons why 


the assumptions of a model do not hold can be shown, will 


the results of that model be discarded. 
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Now that the two models have been introduced a framework 
is needed to present the results of applying these models to 
communication terminal data. For this purpose, the Science- 


Technology-Utilization model is presented. 


G. THE SCIENCE—TECHNOLOGY-UTILIZATION MODEL 

Applying Floyd's and Blackman's models to a set of data 
will result in predictions but depending on which data 
points are selected to calculate the equation constants, 
these predictions will be quite different. For this reason 
a system framework is necessary to put these predictions into 
perspective. 

The Science-—Technology-Utilization modenc 4 (See Figure 
4 below) provides such a framework for presenting the tech- 
nology predictions in perspective. This model is based on 
m@eeidea that the transfer of technologies is one aspect of 


EL Cnee 


the wider process of technological innovation. 
areas of the model (Science, Technology and Utilization) pro- 
vide measuring stages for innovation and it is the movement 
between these stages and within the stages themselves that 
trend extrapolation measures. Therefore, depending on how the 


Floyd and Blackman equations are applied, measurement of 


these three levels is possible. 
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Figure 4. Science-Technology—Utilization Model. 


The Science level or highest level will be the most diffi- 
cult level to measure. This level encompasses scientific 
findings of phenomena, laboratory feasibility studies such 
as "bread board" models, actual operating prototypes and even 
production items that can be adapted to advance the technolo- 
gy under study. In other words, this level includes the 
whole body of knowledge from which technology advances can 
come. This level can also be very volatile when breakthroughs 
occur. Some of these breakthroughs will drop to the techno- 
logy level as they are produced, while others, because of 
meet production costs, will just stay in the scientific body 
of knowledge for possible later use. In this study there will 
be no attempt to forecast future Science levels because of 
the difficulty in quantifying the data for this level. In- 
eeead, this level will just be estimated from current literature 


to show the gap between this level and the technology level. 
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The Technology or State-of-the-Art level is easier to 
measure and, by using dates as a parameter, technology can 
be fixed in time. "This stage represents not only techni- 
cal and design adequacy, but economic Renan we In 
other words, the new technology must be good enough to make 
the buyer give up what he already has to obtain it. For 
setting this level only devices that incorporate new ideas 
from the scientific body of Knowledge are looked at to 
measure how well technology is incorporating scientific 
ideas into production models. 

ime Practical or Utilization level is a measure of the 
extent that the market is following the technology. This is 
the level where widespread acceptance 1S measured. For this 
study widespread acceptance is defined to mean the level of 
the regression line for all production models. This should 
Gem tO average out the introduction of state-of—the-art 
devices with the continued production of new models of past 
terminals and give a good estimate of this level. Devices 
in this level have proved that they are technically and 
economically superior to the models they have replaced. As 
new devices are accepted, this utilization level will move 
up, but at a slower pace than the technology level. 

Now that the two mathematical models and the framework 
for their use have been discussed, only the question of how 


good are these predictions remains. To answer this question 
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of goodness, probability calculations will be introduced 
and later applied to give probabilities of the trend continu- 


ing. 


H. PROBABILITY OF OCCURRENCE 

Because uncertainty of future technologies appearing 
when predicted is an inherent characteristic of all trend 
projections, it is essential that trend forecasts contain 
estimates of the probability that the trend projections will 
ia tact acon. ! Floyd in his model includes a measure of 
the uncertainty in his trend probability calculations.°“ 
During the development of his model, he noted that his model 


represents estimated values at a 50 percent probability level. 


That 1s 


P(Et)= 0.5 (19) 


By assuming this, he was able to apply the conditional pro- 
bability equation (20) to determine the probability of the 
trend occurring at a later time as 
£ t): PC£¢) 
a : ¥ 7 (20) 
where fo = is the latest data point. 


Then Floyd noted that by using equation (8) to solve 


meme t,,c), one obtained 


Pek, t)= f-exr[-0.0931 (F-ENR-RCt+G)[ 2a) 


where t is the new time. He then noted that P(f, ,t,) is 50 


percent and using equation (10) he obtained 
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PE t)=/-0s enPl-(E-f NE-£ NY+4 (V41)-Y-La(| ay 22) 


where y = value from trend curve at new time 


y_= value from trend curve at time corresponding to 
° the figure-of-merit fp: 


In this study equation (22) is applied to the predic— 
tions and with the conditional probability equation (20), 
the probability that the trend will occur with time is cal- 


culated. 


ou 





IT. DATA AND CALCULATIONS 


A. INTRODUCTION 

mats Chapter presents the results from the application 
of the models discussed in the background chapter. For ease 
of presentation, the Data chapter is divided into two parts: 
Hard Copy Terminals and Video.Display Terminals. A short 
background of each area is then discussed and the data set 
for each area presented. From the data set, technology and 
utilization levels are calculated using the models and the 
science level is estimated. 

in presenting just the results in table and graph forn, 
many steps may not be clear to the reader. For this reason, 
the method used is outlined here to negate the need to re- 
Peateat for the numerous sets of results. For each area, 
figures-of-merit to be analyzed are developed and presented 
in the brief discussion of the two types of communication 
terminals. These figures-of-merit are then applied to the 
data set and their values calculated. With the estimation 
of the science level, a value is given to F, the limiting 


value of f. Now with the values of f, F and the correspond- 
Renin ee Me, 
F-F 


)] versus the production dates 


ing production dates, plots are made of ln ( 


fama eases 
F-F 
mere Blackman's and Floyd's models respectively. Typical 


and ipgA—) 5 isl 


graphs are shown in Figure 5 below. 
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Figure 5. Sample Plots for Regression Analysis. 


It should be noted here that in applying Floyd's model, the 
value of i. is assumed to be zero for the calculations, be- 
cause of the difficulty in assigning a value to fe 

On the graphs in Figure 5, a regression line of the 
logarithmic functions on t is calculated to determine the 
constants of the models. With these constants the models 
are graphed as in Figures 1 and 2 and the predictions for 
future years calculated. With each prediction is a trend 
probability that is calculated by using the latest signifi- 
cant terminal for the technology level and the latest termin- 
al that falls on or near the overall regression line for the 
utilization level. With these values and equation (22), the 
eenc probabilities are calculated. This probability tells 


us the probability that the trend will occur with time. 


B. HARD COPY TERMINALS (TELETYPEWRITERS ) 
In the early 1960's there existed a need for a convenient, 


low-cost means of remote communication with the computer. 
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The teletypewriter (or teleprinter), a communication-oriented 
typewriter then heavily used in message switching networks, 
was a natural as the first man/machine interface for the 
computers. The reason for the adoption of the teletype- 
writer in the first days was for the simple reason that no 
other suitable device odiswenc” To determine how teletype- 
writers have changed in the Hoare Since their adoption as 
links to the computer and what they will be like in the 
future, a detailed analysis of the important characteristics 
needs to be undertaken. 

To start this analysis one must first decide on a defini- 
tion of what a teletypewriter terminal is. For the analysis 
in this thesis, a teletypewriter terminal will be defined as 
any device that combines a keyboard, printer and data com- 
munication interface. This does not include receive only 
terminals. Also, the term "Hard Copy Terminal" will be used 
to mean teletypewriter, teletype, teleprinter, typewriter 
terminal or any other hard copy communication terminal that 
meets the above definition. 

In applying the two mathematical models for trend extra- 
Pomreaulon tO hard copy terminals, quantifiable performance 
parameters must be identified for use in developing figures- 
of-merit. Referring. back to the three key areas (keyboard, 
printer and communication interface) of the hard copy armen 
meecdetinition, print rate can be used to measure printer 


efficiency and transmission speed used to measure communication 
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iiiperitace eificiency. Keyboard efficiency, though, is a 
Ponetion of the operator and for this analysis an average 
operator will be assumed. Also, the economic parameter of 
purchase price will be used as a third parameter to deter- 
mine cost trends. 

micweoransmission speed of the terminal as specified in 
bits per second and is usually limited by the speed of the 
printer or other I/O device unless the terminal contains an 
internal buffer. Buffered operation permits printing to be 
performed at the rated speed of the printer, although the 
transmission speed may be much preater.”? Most typewriter 
terminals are unbuffered due to cost considerations and, 
ieteaore, Operate at low transmission speeds. The print 
rate on the other hand specifies the maximum rated printing 
speed of the printer in characters per second. Some termin- 
als offer more than one rated speed to facilitate matching 
the communication characteristics of the remote device. In 
this study only the maximum print speed is considered because 
measurement of improvement in print speed is desired. 

In applying the models to hard copy communication 
terminals, the terminals will be looked at as a simple in- 
put/output model (See Figure 6 below). From this model, four 
parameters can be defined to be used as figures-of-merit and 


they are listed below the diagram. 
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Communication 
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Keyboard 


* Purchase Price 


1. Print Rate 

2 pees on Speen. 

3. Print Rate / Purchase Price (ave) 

4. Transmission Speed / Purchase Price (ave) 
*Average purchase prices are used. 


feeenre 0. Input /output model for hard copy terminals. 


sane the definition of hard copy terminals, a list of 
terminals was compiled from DATAPRO 70, THE EDP BUYERS 
BIBLE, °° Table I below lists all the hard copy terminals 
compiled and gives their important parameters. Only 
terminals with print rate, transmission speed, purchase 


Prrec,, and production date were considered. 
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TABLE I. OVERALL LIST OF HARD COPY TERMINALS 


MODEL 


Teletype Model 33 
Teletype Model 35 


. Data Access System 


eG 500 
Teletype Model 37 


CTSI Execuport 
300 


IBM MT/ST 
Oivetta TH 3168/1 
Data Acess System 


oy hl 2 5 


General Electric 
Termi Net 300 


HWemris Col Cope 
O30 


Data Measurements 
DMC 220 


Carterfone 300 


Data Products 
PortaCommn 


Texas Instruments 


Model 715 


Texas Instruments 
Model 720/730 


Texas Instruments 


fe 731 


Anderson Jacobson 
AJ S41 


Wiavac DCT 500 
Facit Addo 3851/ 
WS) 

Tycom 38 

S/S 


Instruments 


725 


Tycom 


Texas 
Model 


Fey 


RATE 
We 
10 


ae 
30 


Ie 
ne 
30 


30 
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ie 


30 
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30 


30 


20 


1°) 


30 
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10 
aL 
30 
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TRANS PURCHASE PRICE 


SPEED MAX 
110 1060 
110 £3598 
300 6000 
150 4995 
5100 aele) 
135 10350 
110 2330 
300 5600 
300 6990 
134 49h5 
LO yen S18 
300 1675 
300 3145 
134 3000 
300 2820 
300 2205 
LBS a DHAS 
300 6495 
150 6000 
TO e 2350 
300 4360 
300 3040 


MIN 
> 
oS 
3705 


2200 
3190 
§550 
2230 
2780 
2080 
2580 
3000 


LHS 
1695 


2540 
BAGS 
1660 
Mile NG, 


3320 
2500 


£350 
2350 
2780 


AVE 
828 


2588 
4853 


3596 
3190 


9450 
2330 
L190 


43) 
SOS 
370) 


1675 
Dh 


2770 
268 
IL 
LL78 


L908 
250 


2350 
22> 
£910 
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DATE 
1962. 
1962. 
1965. 


1966. 
1968. 


1968. 
1969. 
1969. 


1969. 
1969. 
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1970. 
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18 
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lieendata Models A ies, 
900/1C600/2000 

mee Carterfone 515 1S 

yoy Extel AE Series 30 

woeeuxtel AF Series 30 

27. NCR 260 15 

Peas UNLVAC DCT 1000 30 

£9. Digital Equipment 30 
A 30 

30. Harris CSI Cope ILS 
1040 

31. Anderson Jacobson 30 
fel 630 

32. IBM CMC/ST AS 

33. Memorex 1280 30 

34. Printer Technology 100 
mrintec LOO 

Sees iranscom CT 264 10 

36. Teletype Model 38 #10 

37. Transcom CT 364 10 

38. Typagraph DP 30 30 

39. CTSI Execuport 15 
ZOO 

4O. Computer Devices B19) 
CDI 930 

mime, O Devices Series 50 
200 

42. Memorex 1240 60 

43.. Memorex 1212 60 

ieecaeneral Hlectric Io 
Termi Net 1200 

45. Data Interface 2h0 
DI 210 

46. DI AN Controls 30 
9030 

Wee olnger Internation— 30 
al Model 30 

4S. Texas Instruments 1h 
Model 732 
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4.800 
300 


1) 
300 


aS bs. 
1200 
4800 


110 
110 
300 
300 
1200 


300 
300 


600 
1260 
1200 


£4.00 
SOC. 
siele) 


100 


(300 


£000 
1600 
2360 
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1700 
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Sor 


OUP 


Texas Instruments 30 
Model 733 


Carterfone 1200 10 
Computer Devices 519) 
Cpr 1030 

Data Measurements 30 


DMC 400 


Data Terminals 30 
Borporation 300 


General Comm GsI 30 
300 


Compro Corp 30 
Model 6000 
Compro Corp 30 
Model 1030 


Compro Corp Model 30 
200 


Scope Data Series 240 
200 

Terminal Communi- $16) 
Eaaons TC 21 

meacit Addo 4553 dies 
Radectron Communi- 15 


cations 
120 


Data Measurements 30 
DMC 442 


Centronics 308 


Baca Terminals S19) 
Communications 
Hywriter 

NCR 260-5 30 
Data Interface 200 


i 120/T 


Data Measurements 30 
DMC 430 


300 


WAG. 
300 


4.800 
300 
300 
300 
300 
300 
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£795 
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1. Science Level for Hard Copy Terminals 
a. Print Rate eereneer Level 
To determine the science level for print rate 

in terminals, the technology of printers must be looked ait 
Printers have traditionally been allowed to be large while 
terminals are expected to be small. For this reason, print- 
ers can use new large scale techniques such as electrostatic, 
ink jet and xerographic printers that give the printer fast- 
er print rates than the printing section of a terminal. 
Therefore, an analysis of printers can set the present 
science level for terminal print rate and give an upper 
limit for terminal print rate figures-of-merit. 

| Printers can be subdivided into two types, im- 
pact and non-impact. Impact printers rely on moving mechani- 
cal arms and heads to imprint a-character on the paper. This 
dependence on mechanical arms and heads limits the impact 
printers print rate to around 120 characters per second 


ie The non-impact printers,on the other hand, have a 


leve 
smaller number of mechanical moving parts and offer much 
hope for increasing the print rates. Even today, print 
rates better than 4000 lines per minute are not uncommon. °“ 
For this reason, the analysis should be focused on non- 
impact printers. 

Non-impact printers on the market today come in 
many forms. Electrothermal (or thermal) printers, where 


electronic burning of a special coating on the paper is 


used to make the character, is the most popular at present, 
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but equipment using electrostatic, ink jet and xerographic 
techniques are also being used. In a comparison of print- 
ing rates, the electrothermal (up to 130 cps) is the slow- 
est and the xerographic (up to 8000 cps) is the highest ae 
electrostatic (up to 1200 cps) and ink jet (up to 240 cps) 
in between.?? Thereiore, xerographic printers offer the 
highest print rates and can be used to set the science 
level. Also, since xerographic printers in the 8000 cps 
range are Sil in the prototype stage, 6000 cps will be 
used as F, the limit for the print rate figures-of-merit, 
for all calculations in this study. 
bea Transmission Speed Science Level 

TO determine the science level for transmission 
speed in terminals, the technology of transmission mediums 
must be looked at. For it is through these mediums that a 
terminal passes information to a computer or another termin- 
al. It does not matter whether the communication lines are 
wire, coaxial cable, microwave radio or even satellite, be- 
cause transmission over the different media is organized in 
such a way that the channels obtained have largely the same 
properties — same capacity, same noise level and same error 
rate.?4 Therefore, an analysis of types of communication — 
lines will set the present science level for transmission 
speed and give an upper limit for terminal transmission 
speed figures~of-merit. 


ics OF seommunacavion limes range irom sub- 
voice grade (up to 200 bps), through voice grade (up to 


‘hal 





9600 with special line conditioning) to wideband grade (up 
to 1.5 Mops), with two kinds of availability; public dial 
35, 36 


up and leased line. Since the science level is con- 
cerned with technology in the prototype stage, the eee 
can be further focused on just wideband lines. On wideband 
lines "speeds up to 500,000 bits per second are in use to- 
day, and higher bit rates are possible if requuieede > 
Therefore, the transmission speeds above 500,000 bits per 
second can be considered in the science level with the 1.5 
Mbps setting the present level of prototype activity. 

For this study 1.5 Mbps will be considered the 
oper limit for transmission speed figures-of-merit and all 
calculations involving transmission speed will use this 
value for F. It is noted here though that the selection 
of this value for F means that the calculations performed 
are determining when this value of F will be reached. 

2. Technology Level Calculations for Hard Copy Terminals 
a. Technology Level for f = Print Rate 

To determine where the level of the state-of-the- 
art is in hard copy terminal print rate, the data set was 
studied and only terminals with print rate advancements were 
used as inputs for the determination of the model constants. 


The significant terminals for print rate are listed in Table 


II below. 
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TABLE If. LIST OF SIGNIFICANT HARD COPY TERMINALS (PRINT 


RATE) 

Terminal gical gue INO ale eauena 

Number Mere! Rate Date 
ali Teletype Model 33 1 1962.00 
ce Data Access System 30 1965.00 

500/4150 
Bis Printer Technology LOG, VAN 
Veer ec koo 

39. CTSI Execuport 1200 IAS, nO 72200 
ED Data Interface DI 2ZL0 O75. 00 


Zio) Scien. 


The characteristics of these five significant 
terminals were regressed to calculate the constants for the 


two models. The resulting equations are: 
ele 
BLACKMAN: An. (gi) G+Gt +e 


ra 2 
eto |= — 722.340 & 0.25634 = 0, 
Ile) (9.(62.) age 


maw hr) unpeee Ger 


(-=)+ In £r) ~21.468 + O.254-¢ R*: 0. 94-0 


CO. 197) 


The results of these two models are shown graphi- 


cally in Figure 7 below. 
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Figure 7. Hard Copy Terminals Print Rate Technology 
From Figure 7, the following predictions can be 
made for the technology state-of-the-art level of print 


rates for hard copy terminals in Table III below. 


TABLE III. HARD COPY TERMINAL PRINT RATE PREDICTIONS (TECH- 
NOLOGY LEVEL ) 





Blackman Floyd 


Trend = 
Probabi-| 73.5% | 56.9% 81.1% 70.5% 
a [56-98 | 


b. Technology Level for f = Transmission Speed 
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To determine where the level of the state-of-the- 
Meets in hard copy terminal omamemiaston Speed, unemcata Seu 
was studied and only terminals with transmission speed ad- 
vancements were used as inputs for termination of the model | 
constants. The significant terminals for transmission speea 
are listed in Table IV below. | 


TABLE IV. LIST OF SIGNIFICANT HARD COPY TERMINALS (TRANS- 
MISSION SPEED) 


a Modern eae Se = 
1% Teletype Model 33 ae) 1962.00 
Bee Data Acess System 300 1965.00 
. Pel 500 | 
2 Uisab esis DEIR 10/010 1.800 OWA © 
62. Centronics 308 9600 1974.25 


The characteristics of these four significant 
terminals were regressed to calculate the constants for the 


two models. The resulting equations are: 


BLACKMAN: fy (*“7)= Crt +e 


(&)= -33.\80 + O.3ai ¢t R= 0.49| 
amare (0.0946) 


FLOYD: vay + Ln (Ee) =(+(C€t+e 


nd WEY, Tota: : 
£7) = ~-32.220 + a3gzt_ Rev-770 
TE (es Sill aig ee 


The results of these two models are shown graphically in 


Figure §& below. 
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Figure 8. Hard Copy Terminals Transmission Speed Technology 
Level. 
From Figure 8 the following predictions can be 
made for the technology state-of-the-art level of transmis-— 


sion speeds for hard copy (TTY) terminals in Table V below. 


TABLE V. HARD COPY TERMINAL TRANSMISSION SPEED PREDICTIONS 
(TECHNOLOGY LEVEL ) 
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is Technology Level for f = Print Rate/Purchase Price 

(Ave) | 
To determine where the level of the state-of-the- 

art is in hard copy terminal print rate / purchase price 
(ave), the data set was studied and only terminals with ad- 
vancements were used as inputs for determination of the model 
Sem@ecants. The significant terminals for print rate / pur- 
chase price (ave) are listed in Table VI below. 


TABLE VI. LIST OF SIGNIFICANT HARD COPY TERMINALS (PRINT 
RATE / PURCHASE PRICE (AVE) ) 


Terminal Model Print Rate / Production 
Number Purchase Price Date 
(Ave) 
i. Teletype Model 33 O,0uZ2. 1962.00 
2. Carterfone 300 O.0179 19'70.00 
6). Texas Instruments: O,O2 i: 1971.25 
(ely Goa 

jh. icine mechnology 0.093 OT ee 
Printec 100 

5S. Scope Data Series Ope 173350 


The characteristics of these five significant 
terminals were regressed to calculate the constants for the 


two models. The resulting equations are: 


BLACKMAN: Ln (ap) = C+ Gtr+e 


Tnlgbe) = 15019 + Blase R= 0.547 


royp: = (£7) + In(2ed= C+ et +e 


-F) +The = 16.187 + re 0.538 
aid 





The results of these two models are shown graphically in 


Figure 9 below. 
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Figure 9. Hard Copy Terminals Print Rate / Purchase Price 
Technology Level. 
From Figure 9, the following predictions can be 
made for the technology state-of-the-art level of print 
Tate / purchase price (ave) for hard copy terminals in Table 


VII below. 
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TABLE VII. HARD COPY TERMINAL PRINT RATE / PURCHASE PRICE 
(AVE) PREDICTIONS (TECHNOLOGY LEVEL) 


69.58 a,.64 | 75.56 


d. Technology Level for f = Transmission Speed / 














Prend 
Proba- 
pu lity 





Purchase Price (Ave) 

To determine where the level of the state-of-—the- 
art is, in hard copy terminal transmission speed / purchase 
price (ave), the data set was studied and only terminals with 
advancements were used as inputs for determination of the 
model constants. The significant terminals for transmission 
speed / purchase price (ave) are listed in Table VII below. 


ieee VIII. List OF SIGNIFICANT HARD COPY TERMINALS (TRANS 
SPEED / PURCHASE PRICE (AVE)) 


Terminal Model Trans Speed / Production 
Number Purchase Price Date 
(Ave) 
a. Teletype Model 33 Oel33 1962.00 
ie Carterfone 300 0.179 1970.00 
E>. ect (ih Sacer aS O.c1h OW se) 
25. Vivo per 1000 O.266 MON lee 5 
Dis Printer Technology 4.444 thoy Aare oe, 


Peineees O00 


LO 





The characteristics of these five significant 
terminals were regressed to calculate the constants for the 


Ewo models. The resulting equations are: 


BLACKMAN: Jn teze)* Gee CG ee 


i ~-/7.393 + Ol T0¢ WY 
Te (E) a)= It yi de 


FLOYD: Ge + dn ()= C+ ot +e 
6&) +h = pt ana ea R= 0.230 


0.9618 
The results of these two equations are shown graphically in 


Figure 10 below. 
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Figure 10. Hard Copy Terminals Transmission Speed / Purchase 
Peree Pechnolosy Level. 
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HeOmerigive VO; tne sollowing predictions can be 


made for the technology state-of~the-art level of transmission 


D0 





speed / purchase price (ave) for hard copy terminals in 


Table IX below. 


TABLE IX. HARD COPY TERMINAL TRANSMISSION SPEED / PURCHASE 
PRICE PREDICTIONS (TECHNOLOGY LEVEL ) 


BLACKMAN FLOYD 


ee 


Poll 17ers Calculations formehard Co Termin- 





als 
a. Utilization Level for f = Print Rate 
to determine the utilization level and to fit 
paemmodels to this level, data from all 67 terminals in the 
data set was regressed to determine the model constants. 


The resulting equations are: 


BLACKMAN: _ dn (FF) 0C+6t +e 


a 
dn (Ep) = ~13.810 ras Re O.14b 
a: Er) + nlED=G+htre 
as a 
F f.jee Zs 
FE + bn (Zp) = - 1280 res Siena d 


The results of these equations are shown graphically in 


Figure 11 below. 
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Figure ll. Hard Copy Terminals Print Rate Utilization Level. 


From Figure 11 the following predictions can be 
made for the utilization level of print rate for hard copy 


Germinals in Table X below. 


TABLE X. HARD COPY TERMINAL PRINT RATE PREDICTIONS (UTILIZA- 
TION LEVEL) 


BLACKMAN FLOYD 


Trend BNO) OS BO ec ps 240 cps | 320 eps | 
Proba- | | | 7 
bility | 94.4% | 1.0% | Del 


b. Utilization Level for f = Transmission Speed 





To determine the utilization level and to fit 
maemmodels to this level, data from all 67 terminals in the 
data set was regressed to determine the model constants. 


The resulting equations are: 


BLACKMAN: fnlet-)=G+Gt+e 


Se are 
dn (bp) = -21.360 + o.tiot R°= 0,201 
ON2IS 
FLOYD: (F-) + ln (EP )=6+Gt+e 
ae 
oe) ate Dn (ES = -—20.370 - NS R= 0,201 


The results of these two equations are shown graphically in 


Figure 12 below. 
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Figure 12. Hard Copy Terminals Transmission Speed Utiliza- 
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From Figure 12, the following predictions can 
be made for the utilization level of transmission speed for 
hard copy terminals in Table XI below. 


TABLE XI. HARD COPY TERMINAL TRANSMISSION SPEED PREDICTIONS 
(UTILIZATION LEVEL) 


BLACKMAN FLOYD 


Proba- 
bility |__99:4% 97 A 99.4% 97 A 





c. Utilization Level for f = Print Rate / Purchase 
Price 
To determine the utilization level and to fit 
Mmeg-mmodels to this level, data from all 67 terminals in the 
data set was regressed to determine the model constants. 


The resulting equations are: 


BLACKMAN: fn (47 (.+Gt +e 


aa 
In (op) = —10378 + 0.0983 = Re 0.089 


124) 
FLOYD: (Fe) + LaF e)=G + Cat +e 

ee ee, 

(oe) + Da Gp) = - 9.637 + et R= 0.054 


The results of these two equations are shown graphically in 





Figure 13 below. 
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From Figure 13, the following predictions can be 
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d. Utilization Level for f = Transmission Speed / 
Purchase Price 
To determine the utilization level and to fit 
thesmodels to this level, data from all 67 terminals in the 
data set was regressed to determine the model constants. 


The resulting equations are: 


BLACKMAN: Mn G*,) = G+ht +e 





£ 2 

= —/8.292 + OIC R= 0183 
don (25 (0.123) 

Floyd: =«§ (4) + (4 )=6+Qt +e 


la a7 pi 2 
ja a x pas 
(A+ Lule) =—I'7.323 + . (AOSD 





The results of these two equations are shown graphically in 


Figure 14 below. 
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From Figure 14, the following predictions can 
be mace for the utilization level of transmission speed / 
purchase price (ave) for hard copy terminals in Table XIII 


below. 


TABLE XIII. HARD COPY TERMINAL TRANSMISSION SPEED / PURCHASE 
Pelone (avn at Uri ZA TON LEVEL ) 


BLACKMAN 


| asso | aces | 


Trend 1.5 vps/s__| _1.0 bps/s 


bilit | 





C. VIDEO DISPLAY TERMINALS 

The first commercially available video display terminal. 
appeared in 1965 and, since then, this type of terminal has 
become almost as commonplace as the selisampeumeieee. 2" The 
capabilities that have.helped the video display terminal 
reach such a level of acceptance are the figures-of-merit 
needed to make future predictions. Before determining these 
parameters, a definition is needed for the video display 
terminal. For this study, the video display terminal is 
defined as any communication terminal with a video display, 
a keyboard and a communication interface. 

In applying the two mathematical models for trend extra- 
polation to video display terminals, quantifiable performance 


parameters must be identified for use in developing figures- 


Dil 








of-merit. Referring back to the three key areas (visual 
display, communication interface and keyboard) of the. video 
display terminal definition, transmission speed can be used 
to measure communication interface efficiency and the maxi- 
mum number of display characters can be used to measure 
video display ability. Keyboard efficiency, though, is a 
function of the operator and for this analysis an average 
operator will be assumed. Also, the economic parameter of 
purchase price will be used as a third parameter to deter- 
mine cost trends. 

ite uransmission Speed Of a video display terminal is 
specified in bits per second and is usually limited by the 
compatability requirements of the communication system it is 
a part of and by the communication lines teing used. The 
meme Of display positions 1S specified by characters per 
display and is a function of the number of lines ina dis- 
play and the number of characters per line. Progress in 
this area, though, is difficult to measure because at pre- 
sent the need for large displays is minimal. In fact, the 
terminal in the data set with the largest number of display 
positions (6000 char/display) appeared in 1969 and since 
then the majority of terminals have been around 2000 charac-— 
ters per display. This is understandable when one notes that 
the main function of the display is to show segments of data 
when needed and not to show all the data. For this reason 


large displays are not needed and for this study 6000 
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characters per display will be used as the maximum to calcu-~ 
late the upper limit for f equal to maximum display positions 
per dollar of purchase price and no attempt will be made to 
predict higher display position capacities. 

In applying the models to video display communication 
terminals, the terminals will be looked at as a simple in- 
put/output model (See Figure 15 below). From this model 
three parameters can be defined to be used as figures-—of- 


merit and they are listed below the diagram. 


Transmission Speed Keyboard 


Video Display 


Communication x ae : 
in Fev ceo pasolay 
ferminals | : ae ae 
Purchase rice 
(average) 


Figures-of-—merit 


1. Transmission speed 
yee Meximum Video Display Positions / Purchase Price (ave) 
3. Transmission Speed / Purchase Price (ave) 


* Maximum Video Display = 6000 Char/Display 


Figure 15. Input/Output Model for Video Display Terminals. 


Using the definition of video display terminals, a list 
of terminals was compiled from DATAPRO 70, THE EDP BUYERS 
BIBLE. °” Table XIV below lists all the video display 


terminals compiled and gives their important parameters. 


29 








Only terminals with maximum number of video display positions, 
transmission speed, purchase price and production date were 


considered. 


60 





cc Olen 
Se Oven 
Fe a Oveion 
00°OL6T 
00°OL6T 
00°OL6T 
00°OL6T 
100° OL6T 
100°OL6T 
00° OL6T 
00° OL6T 
00°OL6T 
00°OL6T 
S¢L°696T 
GS2° 6961 


100° 696T 
00°S96T 
00°896T 
1S2°996T 
00°996T 


dLVd 
qdoudd 


celtss 
"€66€ 
Boole 
"O6ET 
oie 1. 
"O94 
“0072 
EAA 
"0062 
"OSLE 
"OOES 
“OOTET 
°008S 
"O88 
“OfE9 


"Q0099 
"€9S6 
“OCB? 
Cia Te 
Bace 


| SAY 











HOLYd ASVHOUNd 





"0096 
lelele 

‘0096 
"00877 
"00877 
"0087 
"0072 
"0096 
°00877 
“0096 
ne Oi 
*0096 
“0096 
OW 
007? 


°0096 
BOOZ 
SOOM 
OCH 
"0096 


CaadS 
ONVaL 





AZo 
Oger 
FOcou 
OBIS 
"OST 

ele? 

“O08T 
“OO9T 
S40 
Geer 
"O91? 
Ecatle 
Oot 
"096 

"096 


*Q009 
"Q002 
“OO8T 
"096 

"Q002 


S.LLSOd 
AVTIdSIC 


X VIN 


STVNINUYL AVIdSIC OCIA dO LSIT ‘TIVYHAO 





O8$ [TMSUOD SdaV °O¢ 


O89 

Q 
9022 
Cia 
OES 

OO€ 

Q 

O9€ 


AoAug Sddy 
8 GUN saav 
ouey Joyung 
ouey oyung 
ouey royung 
€ qutodezeq 
OT 0d xo10yX 
¢ qutode.eg 


O00S$ TepOW eteq eITSd 


O002S 


1OO€S Tepow eteq edted 


sda *Tt4pueH 


O2/OT ddS W198 ,OoUT 


G92 


OOOL SI 4d 
& LEPOW WaT 
Orda 


sAeTdstg uot yeurojsul 


Beg) 


poW Saepues 


OOO€ TepomW quTodeq.egq 


O92 


& L9POW Wd 


O¢L TepoWw saepues 


“ATX GTAVL 


‘THCOW 


aoa 
‘OT 
iL 
“OT 
°ST 


61 





G2°2L6T 
GE ON 
focal 
Ole Autos 
OO AS 
OCe crcl 
OGe2zcr 
OC cZom 
Go HEE 
GL°TLOT 
OS*TL6T 
Ga) ELol 
GZ°TL6T 
G2°TLET 
S76 WEL 
S82 WIL 
OO Eo 
00° TL6T 
SL°OL6T 
SL°OL6T 
0S °OL6T 
0S °OL6T 
0S °OL6T 
0S °OL6T 


°OSTST 


°8TLS 
"ST8d 
TES 

°00S7 
°SOTT 
olen 
"OOZE 
"S858 
“SOE¢ 
"GOCE 
“OTSE 
"GST? 
"0S27 
°0097 
°S682 


Reciours 


°ST8T 
°4662 
°OS8T 
"0562 
"OSOE 
“GEST 
"OS8E 


POOccE 


"000% 
“OOT9 
°O6€ 

“OO0€ 
OEE 
"0007 
OOZES 
°6S09 
"SOc 
°GOCE 
"O0S€ 
°S66T 
"0S 27 
°0097 
"S682 
"3672 
*SUST 
°G662 
[O0cr 
"0092 
°OS0€ 
Taare 
“OSLE 


*Q008T 


Sean 
°SES6 
“WL9 

*0009 
°SSST 
°O00% 
OCs 


“(EIGN 


"SOLS 
“GOCE 
Cre ic 
oie 
BOG 


| °00977 


°S68z2 
"8672 
Suey 
°G66z2 
°00Sz2 
“OOEE 
"OSOE 
°G68T 
°0S6€ 


°0096 
"0087 
°O0087 
"0096 


“OOZ6T 


"0087 
°0096 
OGe 
"0096 
ClO 
°O0087 
°0087 
"OOE 

"0087 
‘0087 
"0096 
‘0087 
“0096 
“0096 
“0087 
"0096 
"0087 
°OO8T 
“OO0eT 


°096 

“OZ6T 
“Zor 
“OOZE 
“OIE 
EG. Zo 
°O00€ 
"992 

“OZ6T 
ON HTAL 
“OO9T 
"0179 

"O79 

"OZ6T 
“OZ6T 


mOOUIC 


*OO0O€ 
BOcol 
*866T 
sOcol 
°QOQ00Z2 
“OZ6T 
sO om 
“OZ6T 


O0¢S SAH xTapusy 
LLZe Wal 

GLZe€ Wal 

USM OO¢g t0q4y uUy 
O0zZ yeqnduog 

OOST eTpeueqed 

TadI sAeTdstq ofuy 
OT LOW woysny 

TOS Tepoy stapues 
COU)» Gen bE esresarq 
HH by ee eiaroliitoyg) | 2 an00) 
TTL e2eq Torquo| 
Cie, Sled LOC eue® 
O92 iS engl eye 

G9Z AITANOHD 


VOOl7 2° leo eG etcom 


GL 00 sotqdg szeqnduio) 
104, sueqshg eseug inog 


OOOT ®UTITEZeHyH 
OOTE T2PON LLI 
TOY Tepow oerU09”) 
09 1eTINOD 

OOST etpeueqed 

€Z TePOW OOT 23d 


rah 
pee 
od 
sp 
0ly, 
moe 
"ge 
ae 


Ge 
ine 
yi 
ace 
es 


"62 
"Be 
ie 
Bic 
ie 
police 
aoc 
TEE 
ae, 


62 





OS OL 
O0S°CZ6T 
OS *eZ6l 
0S°CL6T 
0S °€Z6T 
OS een 
OS ee oe 
GGeccel 
Saco 
emocoL 
See ol 
00° L6T 
Oe elt 
Oey aelelt 
OOO 
Stee ie 
GU ALON 
a) col 
Simo 1 
SL THON 
Ge, GON 
OS Got 
OS Beet 
SOCAN 





"0096 
COey 
"00877 
"0096 
"0096 
"0096 
*0096 
°0096 
*0096 
"0096 
"0096 
°O087 
°0096 
melerAl 
“OOO6T 
°0096 
*OOO00E 
°0096 
“OO0Z6T 
"O07? 
"OO06T 
"0096 
"OOZ6T 
"0005S 





TO€-A TSuted 

TTL e3eq TO1QUOH 
LOZ KS EVE QOL) 

OOS¢Z et pewez ed 
OOCE SOT TsTa 

AI SAS eseug amnog 
T WAV teTseTtsS 1e87T 
Z dS eatTyeog 

LOY JeIUOD 

OOOT eUuTITEZeH 
006 dd§ WI9sqo00UT 
TO¢?¢Z OWeY sZoeyUNg, 
Aupist i eUc tora 

OY Tepoyy edAqeToey 
LAN-OVW eqep eso 
Ttz I Tewse9 

0S2 TOLLED 

yOOTz2 etpeuwezeg 
TOZT “soy sousny 
TOSE€ LL 

OOOT etepedsoy] 

Cr ina) cbyiallont = iealas a 
TO%T °3F0V Sousny 
OOTL SI dLD 


"39 
"L9 
"99 
"G9 
BS, 
“£9 
"2 
‘9 
“09 
°6S 
"8S 
“LS 


"SS 
"6 
“€S 
26 
TS 
“OS 
61 
et 
La 
"97 
“Si 


a 


63 





OO Yen 
CO ier 
OOiZon 
CO cor 
SOP ASI 
CO col 
O= wraeyt 
00°7Z6T 
OG cael 
OO°7L6T 
00°7Z6T 
00°7L6T 
Coy iZon 
Ge Sell 
GL°eL6T 
Cee lon 
co LOM 
Ga leelol 
Gib SEO 
CL LOL 
Ol EfHeNL 
0S *€LOT 
OPS clot 
0S °€Z6T 


OOSE 
OOOE 
0007 
Oe IE 
’O0S7 
OSL2 
0079 
OS72 
SSE9 
OSL88 
ELe9 
SG 


M0502 


"OS72 
Pace 
PSCOCLL 
OTES 
OOSZL 
“(WOE TT 
°G6ST 
“leva 
OSSE 
©Sui: 
BOCInS 


OOSE "OOSE 
OOOE °OOOE 
O002 SOOO ¢ 
OOET “OOET 
"00ST | °00S7 
HOS. C OSL2 
"COOLS TOOK 
"OS8T "OSOE 
"OL9% O708 
POOO9E | °OOSTYT 
rie A) | SIAC, 
"0S62 °009S 
°0S02 0502 
wOOCG "O9LZ% 
SOO soc 
"00589 | °0S€6Lz2 
"C98" O9LS 
°O0SZL °00SZ, 
"OO6ET | “OO6ET 
"GOST | °S6ST 
PSveG Sal 
"OOEE "OO8E 
"SOLZT | °S6ZT 
OSE aelOGuS 


"0096 =: |" 0Z6T 
"0096~—s«| “OZ6T 
"0096 = | *OZ6T 
"0096 =: | *OzZ6T 
"0096 ~=—s- | "0002 
"0096 =: | "0002 
OOS | OG rt 
“0096 [Ccou 
°0096 "096 

"0096 = | “OZ6T 
-0096 =: | *OzZ6T 
‘0096 ~=—s- | "002 
"0096 "21S 

‘0096 ~=—s- || *00zE 
‘0096 ~=—s-«| "002E. 
"O00SES | *OZ6T 
‘o0sy =: | *OzZ6T 
“000002 | *O06T 
"00000z |°000% 
OGcom || Oco! 
"0096 Vogel 
"0096 = | *Oz6T 
"0096 ~=—s- | "0002 
‘0096 ~=—s- | °Oz6T 


TOE YON 

TOT YON 

TOT YON 

OOT ptenboer 

9T9?¢ P4HeRved 449 TMS 
GT9Z PAeyoeg 999 TMOH 
GO8Z ALD 

LOS? cd.) 

OOTT qutodeqeg 
OL¢Z0 49Ttanop 

/}] sonmadg duog 

Ot ued =di09 

cO€ GC Teutep 

USM ITI 4oqty uuy 
USM LIT 40q4y uuy 
OL2Z0 tatanop 

OOLL TTeMAeuCH 

OT $dd OVINI 

4% Sdd OVIWI 

qo) WOO noe 

Oss SdaV 

Taw sAtTYood 


& AW eAtTUuSS, 
00g sudsno1ing 


ce 
°T6 
"06 
"68 
"88 
P23 
"98 
°S8 
“479 
ree 
Gs 
‘Te 
"08 
Ou 
"8h 
See 
ze¥) 
"GL 
ie 
Boe 
Toe 
elke 
EOL 
"69 


6h, 





Cfo 
Sc 1201 
Se ior 
maou. 
G4 HS 
EZ IULONE 
CO t 





SiC C lO Lae 


"G48S «= O2%9e 
"00S¢2 s00S2 
Seal O06 
Tey AS OLAS 


°G60¢ j°S66T 
°OSOOT J/°OOT9 


| “COOL 7S °0096 


OK E: "0081 
ees Zz "0096 
OO? "0096 
°G6zZE °0096 
"S612 "0096 


*OOO7T °0087 


Agu 
Oger 
"OZ6T 
"OZ6T 
°Q002 
"0002 
KS 


SW $¢Z¢0 4eTano) 
OCG 44S a@ 

@ WAV teTseTS seeT 
GZ AT9ITINO}D 

Y dS eatyeeg 

7 GW eATYyeeg 

OPS eee 179 


65 





imeocicncCcelcvelor Video Display Terminals 
For the three figures-of-merit to be analyzed, only 
one parameter, transmission speed, has a science level. The 
level for transmission speed was set at 1.5 Mbps for the 
hard copy terminal and this limit also applies to the video 
Seoplay terminal. The logic in setting this limit is the 
same as discussed in the hard copy terminal section and 
will not be repeated here. 
aeelechnnologsy Level for Video Display Terminals 
a. Technology Level for f = Transmission Speed 
To determine where the level of the state-of- 
the-art is in video display terminal speed, the data set 
was Studied and only terminais with transmission speed ad- 
vancements were used as inputs for the determination of the 
model constants. The significant terminals for print rate 
are listed in Table XV below. 


TABLE XV. LIST OF SIGNIFICANT VIDEO DISPLAY TERMINALS. 
(TRANSMISSION SPEED) 


Terminal Transmission Production 
Number Model opeed Date 
alt, Sanders Model 720 9600 1966.00 
LO. Computek 200. 19200 1972700 
iD. ci om LOO piielele O23 2D 
De. Conmier 250 300000 Ao Ae Aas, 
Te Courier 62/0 535000 Wo oc 1S 
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The characteristics of these five significant 
terminals were regressed to calculate the constants for the 


two models. The resulting equations are: 
: —\— 
BLACKMAN: J, (*-)=C+Gt +e 


a 
An ae = ~ 36.430 + D475 joe. O. 
(AH Ss SB7 


e— , 
LE _) 4. a= = 38.34 +0.520t Reo 
A | a — va. . ed oa 
x) ae) (0.481) 
The results of these two models are shown graphically in 


Figure 16 below. 
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Figure 16. Video Display Terminals Transmission Speed 
Technology Level. 


From Figure 16, the following predictions can 


be made for the technology state-of-the-art level of 
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transmission speeds for video display terminals in Table XVI 


below. 


TABLE XVI. VIDEO DISPLAY TERMINAL TRANSMISSION SPRED PREDIC- 
TIONS (TECHNOLOGY LEVEL ) 


BLACKMAN FLOYD 


1980 1985 1980 1985 






Trend 23 Mbps a ey Mbps | 
Proba 
Dility 23°29 51.2% 


b. Technology Level for f = Maximum Video Display 
Positions / Purchase Price 
To determine wnere the level of the state-ort-the 
art is in video display terminal display positions per dollar 
of purchase price, the data set was studied and only termin- 
als with advancing values were used. In this case though, 
it is noted that since,19/70 the upper level has stayed con- 
stant at around 1.35 display positions per dollar of purchase 
price and therefore no prediction will be attempted. 
ce. Technology Level for f = Transmission Speed / 
Purchase Price 
To determine where the level of the state-of-the- 
art is in video display terminal transmission speed / pur- 
chase price, the data set was studied and only terminals 
with advancing values were used as inputs for the determina- 


imiGnmOonr tne model constants. The significant terminals for 
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transmission speed / purchase price are listed in Table 


XVII below. 


TABLE XVII. LIST OF SIGNIFICANT VIDEO DISPLAY TERMINALS. 
(TRANS SPEED / PURCH PRICE) 


Terminal Trans Speed / Production 
Number Model Purchase) Price Date 
ike Sanders Model 720 FIO TNS) 1966.00 
AED. Bunker Ramo 2210 6.3158 1970.00 
ia. Ann Arbor 200 KSR IS OSS ). 1972.00 
we. Courier 250 Sears NO72 67> 


The characteristics of these four significant 
terminals were regressed to calculate the constants for tne 


two models. The resulting equations are: 


BLACKMAN: My (*;)= C+Gtr+e 


t-) = -34.733 +O.4#50t REO, 
( Ff (0.453) hs 


FLOYD: (£,)+ bn (E-\= 6+ Ce xt ¢ 


aN 
ey) a tales)= “36.218 +O.49¢E R*0.73F 


(0.476 ) 
The results of these two models are shown graphically in 


Figure 17 below. 
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Figure 17. Video Display Terminals Transmission Speed / 
Purchase Price Technology Level. 

From Figure 17, the following predictions can 
be made for the technology state-of-the-art level of trans- 
rmeeron speeds / purchase price for video display terminals 
in Table XVIII below. 


Pemex VIilT. VIDEO DISPLAY TERMINAL TRANS SPEED / PURCHASE 
PRICE PREDICTIONS (TECHNOLOGY LEVEL ) 


Trend | 258 bps/${ 294 bps/$ _189 bps/$ | 231 bps/$ 
50% jo 


Proba— y E 
padity De / 10.7% 








Pee Uuilizavaon bevel Tor Video Display Terminals 


a. Utilization Level for f = Transmission Speed 

To determine the utilization level and to fit 

the models to this level, data from all 99 video display 
terminals in the data set was regressed to determine the 


model constants. The resulting equations are: 


BLACKMAN: tn 4) = OG+Gt +e 


fn (Giz) = 19610 + O21 RE Rs 
G.10068 
FLOYD: f+ Ln (Za) =44+Gt +e 
=) + Mn (AP) = 18.986 + 0.22% £2030 
(Zh) + Ao eT) (0.1007) 


The results of these two models are shown grathically in 


Figure 18 below. 
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Figure 18. Video Display Terminals Transmission Speed 
Utilization Level. 
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From Figure 18, the following predictions can 
be made for the utilization level of transmission speed for 
video display terminals in Table XIX below. 


TABLE XIX. VIDEO DISPLAY TERMINAL TRANSMISSION SPEED PRE- 
DICTIONS (UTILIZATION LEVEL) 


BLACKMAN FLOYD 


igo | ses | seo |e 
trend | 0-195 Mops 
Proba- | | | 
bility 96.97 96.9% 


b. Utilization Level for f = Maximum Video Display 





Positions / Furchase Price 

To determine the utilization level and to fit the 
models to this level, data from all 99 video display termin- 
als in the data set was regressed to determine the model con- 
stants. The regression showed that the trend had a slightly 
negative slope but since the technology level was essentially 
constant, it is felt that this trend is not significant 
enough to make a prediction, and no prediction will be at- 
tempted. 

e. Utilization Level for f = Trans Speed / Purch 

Price | 

To determine the utilization level and to fit the 
models to this level, data from all 99 video display termin- 
als in the cata set was regressed to determine the model con- 


stants. The resulting equations are: 


Ve 





BLACKMAN: fy(*-)=e +t +e 
Th (£5) -/6.660 + O/82€ R= 0.082 


(0.101) 


FLOYD: Lt) + Mn (Fer)= G+ Get +e 


(E>) +n (4-)= (5802+ O.185¢ R= O08! 
F-f (9 

(0./ol) 
The results of these two models are shown graphically in 


Figure 19 below. 
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Figure 19. Video Display Terminal Transmission Speed / Pur- 
chase Price Utilization Level. 


From Figure 19, the following predictions can be 
made for the utilization level of transmission speed / pur- 


chase price for video display terminals in Table XX below. 
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TABLE XX, VIDEO DISPLAY TERMINAL TRANS SPEED Ye eel 
PREDICTIONS (UTILIZATION LEVEL) 


BLACKMAN 
Trend | 33 bps/$] 75 bps/$ 33 bps/$ 63 bps/$ 
Proba-— ; 
bility| 96.4% Debio 96 ..h% 91, 6% 








IIT, CONCLUSION 


Having selected performance parameters, gathered data on 
these parameters, fitted the Floyd and Blackman models to 
the data, and made the precictions from the trend extrapola- 
meee unere 15 Only one thing lett to do, ianterpret the re- 
sults. In interpreting the predictions, one should remember 
one important idea. That is "the forecaster must have the 
courage of his convictions. He has taken historical data, 
determined that there is some regularity in the past pattern 
of innovation and projected this regularity into the Suse gt 
He should stand up and report the results as they are and 
fon the way he thinks they should be. With this thought in 
mind, the predictions of this stucy are presented in Table 
XXE. Also, the predictions will be discussed by looking at 
four major areas: hard copy terminal print rate and trans- 
mission speed, and video display terminal display positions 
and transmission speed. 

First, in the area of hard copy terminal print rate, the 
predictions show a sharp increase, up to approximately 2000 
characters per second (cps) by 1985 and an even more rapid 
increase in the period between 1985 and the year 2000. Dur- 
ing this period the Blackman model predicts print rates of 
about 7500 cps while the Floyd model predicts print rates 
around 5500 cps. These rates are at the Pea eroneeneeart 
level and print rates in the widespread acceptance level 


will lag behind. The print rates of widely accepted terminals 
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will increase to around 240 cps by 1985. This utilization 
level for print rate will continue to moderately increase 
until around the year 2000, when it will reach 500 cps and 
start to increase rapidly. Both models predict the same 
trend and do not show a divergence until after the year 
ZOO5. 

These predictions for hard copy terminal print rates 
are also supported by the print rate per dollar predictions 
which show a rapid increase starting about 1990. This rapid 
inerease in print rate per dollar (i.e., more output per 
dollar) will provide the incentive for the increase in wide- 
spread acceptance that is predicted for about the year 2000. 
Meme 24C—-COi-the-art level for print rate per dollar will be 
around 0.260 eps/$ in 1985 for the Blackman model and around 
0.204 cps/$ in 1985 for the Floyd model. It should be noted 
here that since the last two data points are above the trend 
curve a faster increase can be expected and this favors the 
Blackman model prediction. The utilization level of print 
rate per dollar shows only a very slight increase to around 
0.03 cps/$ for both models by 1985 but a more rapid increase 
starting around the year 2000. 

The factor that seems to be producing this trend in 
print rate and print rate per dollar is the emergence of the 
non-impact printers. At present they possess the capability 
Meaeprintg rates up to SOOO characters per second but these 


Meancero are too large for terminals, too expensive, produce 
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poor quality copies and cannot make multiple copies. ‘+ ed 
Oi these problems are being worked on today and their solu- 
tion should make them the printers of the future. 

second,in the area of hard copy terminal transmission 
speed, the predictions show a very sharp increase up to 
approximately 390,000 bits per second (bps) for the Floyd 
model and up to approximately 495,000 bps for the Blackman 
model by 1985. Since the last two data points are below 
the trend curve,the Floyd model prediction seems to be 
favored. In any case, significant increases are predicted 


for the 1980's by both models. These faster terminals that 


‘are predicted for the 1980's will not be accepted very quick- 


ly as shown in the utilization ievel predictions. These pre- 
dictions show a “oe slow rise in transmission speeds up to 
the year 2000 when transmission speeds will reach the level 
of 135,000 bps and then the transmission speeds will increase 
mapadly. 
These predictions for hard copy terminals transmission 

speeds are also supported by the transmission speed per 
dollar predictions which show a rapid increase starting 
around 1990. This rapid increase in transmission speed per 
dollar will provide the incentive for the increase in wide- 
Pemcad acceptance that 1s predicted to start around the year 
2000. The state-of-the-art level for transmission speed per 
feller will be around 1.5 bits per second per dollar (bps/$) 
melosO and around 5 bps/$ by 1985. The fact that the last 
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known data point is above the trend curve would favor the 
Blackman model and its higher predictions. The utilization 
level of transmission speed per dollar shows only a very 


slight increase to around 1.5 bps/$ for both models by 1985- 


but a more rapid increase starting around the year 2000. 


In discussion of transmission speed, two points must be 
made to put the results into perspective. First, the trans- 
mission speeds that engineers will build into a terminal are 
dependent on the transmission lines available. In the 1960's 
and early 1970's data was sent mostly on telephone lines, 


regular and special leased lines, which were unable to handle 


speeds in excess of 9600 bps. Now, with the advent of the 


new specialized carrier systems, like Datran, transmission 
speed up to 1.5 Mbps will be available in many areas of the 


2 


country. Second, terminals must be compatible with the 
systems of which they are a part. Their transmission speeds 
must be as fast as the rest of the system if they are to 
interact with the system. As computers and transmission 
lines become faster, faster terminals will appear and the 
predictions show this. 

The third point concerns the area of video display 
terminal display positions. This study looked at the maximum 
display positions for all video display terminals and deter- 
mined that there was not a significant trend in this area. 


Instead it was found that the number of positions has re- 


mained constant at 2000 characters per display. This lack 


ie 





of a trend to build bigger displays is understandable when 
one notes that the main function of the display is to show 
segments of data when needed and not to <nen oul the data. 
For this reason, large displays have not been in demand and: 
the results of this study bear this out. 

Lastly, in the area of video display terminal transmis- 
Sion speed, the predictions show a very sharp increase up to 
around 1.17 Mbps for the Floyd model and up to around 1.5 
Mbps for the Blackman model by 1985. The predictions from 
the Blackman model seems to be favored here because the last 
known data point falls near the Blackman curve and above the 
Floyd curve. In any case, significant increases are pre- 
dicted for the late 1970's and early 1980's by both models. 
iMiesacceptance of these faster transmission speeds will again 
lag, and rapid increases of the transmission speeds in widely 
accepted video display terminals will not appear until the 
late 1980's and early 1990's, when transmission speeds will 
mewcmeune level of around 1 Mbps. 

These predictions for video display terminals trans— 
mission speeds are also supported by the transmission speed 
per dollar which show that we are in the midst of a very 
mapea Change, Blackman's model predicts transmission speed 
per dollar values will rise to about 294 bps/$ while the 
Floyd model predicts values of about 231 bps/$ by 1985. The 
higher value predicted by the Blackman model seems to be 


meavorea here because the last data points fall closer to the 


SO 





Blackman curve than to the Floyd curve. Again, the utiliza- 
tion level will lag behind and only reach a level of 70 
bps/$ by 1985. 

This area of transmission speed is the one area in 
which both terminals can be compared. At present, the video 
display terminals have faster transmission speeds because 
the display is faster than the printer, but as print rates 
increase, the gap should narrow. In hard copy terminals 
transmission speed of the new terminals has been increasing 
Smiy slightly in the 1960's and 1970's, but starting around 


1980, the increase should become very rapid. The video dis- 


play terminals, on the other hand, are increasing extremely 


gast at present and shouid reach speeds of 1.5 Mbps in the 
iose's. 

How then can these predictions help a communication mana- 
ger? From these predictions a communication manager can de- 
termine when the technology will have increased to an extent 
where his terminal is obsolete and will need to be replaced. 
An acceptable terminal purchased just before the technology 
increase will cost more and have a shorter useable life than 
one purchased after the increase had occurred. Also, when a 
limited budget is involved, predictions like these might aid 
a manager in determining when to purchase equipment and when 
to delay purchase. A good example of this is the hand held 
calculator industry where two calculators can be purchased 


this year for the price of one purchased last year. There- 


fore, if a purchase could be put off for a period of time 


ol 





and a sharp increase in capability or sharp decrease in 
price is predicted, delaying the purchase could mean signi- 
ficeant Savings. 

In conclusion, this study has looked at hard copy and 
video display terminals and made predictions based on past 
trends of the data. If the forces that produced these 
trends continue, as measured by the trend probabilities, 
then these predictions will be good. If, on the other hand, 
new forces are introduced, the predictions will need to be 


updated to take these new forces into account. 
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